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ANNOTATION 
The formation of a high-quality casting surface is a complex process, determined by the nature of an alloy filling, heating 
the mold, physicochemical and mechanical interaction of the melt with the atmosphere of the mold, in the contact zone  
material-mold. On the one hand, the filler of the antipenetration wash should not be wetted by alloys, on the other hand, to 
form properties in the liquid state, the filler should be well wetted by a solvent. At present, the most common solvent used 
in the antipenetration wash is water. The purpose of this work is to study  wettability of graphite activated by various 
methods i.e. by water and water –based systems . In the course of the process it was found that activated GKM is wetted by 
water worse (wetting angle is 90–120° depending on the method of preparing GKM than natural graphite (wetting angle of 
water is 55°). It was revealed that activated graphite is better wetted by water-based binding systems: depending on the 
activation method (mechanical, chemical and chemical-mechanical) the wetting graphite angle by 10% LST solution 
decreases from 49 to 37°; by 3.5% water bentonite slurry - from 69 to 50°; by water-based binding system containing 10% 
LST and 3.5% bentonite - from 54 to 40º. 
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INTRODUCTION 
The formation of a high-quality casting surface is a complex process, determined by the nature of an alloy filling, heating 
the mold, physicochemical and mechanical interaction of the melt with the atmosphere of the mold in the contact zone  
material-mold.  [1–7]. 
On the one hand, the filler of the antipenetration wash should not be wetted by metals, on the other hand, to form 
properties in the liquid state, the filler should be well wetted by a solvent. [8--14]. 
In the liquid state at the time of preparation and application, the antipenetration  wash is a complex colloidal system, 
therefore, its properties should be studied taking into account modern physicochemical concepts of the interaction of the 
dispersed phase (graphite as suspension filler) and the dispersion medium (water, alcohol) as a system in general. An 
equidistribution of graphite particles in a solvent (water, alcohol, etc.) can be achieved while ensuring a high sedimentation 
stability of the suspension, which is primarily determined by the colloid-chemical properties of the “graphite-solvent 
system”: graphite particles wettability by the solvent, dispersion, imperfection and surface state of graphite particles. All 
these parameters to a great extent depend on the method of preparing and activating graphite [11, 13, 14–17, etc.]. 
At present, the most common solvent used in the antipenetration  wash is water. 
Therefore, the purpose of this work is to study the wettability of graphite activated by various means by water and water-
based systems. 
 
MATERIAL AND METHODS 
Natural cryptocrystalline graphite (GFC-2) was chosen for the research. In order to increase the graphite activity, it was 
subjected to mechanical (GFC-2), chemical (GFC-2O) and chemical-mechanical (GFC-2OA) activations. 
For the mechanical graphite activation, the equipment “RETSCH PM 400 MA” installed in the Laboratory of Dispersed 
and Nanostructured Solid, Viscous and Colloidal Materials of the Siberian Federal University was used. 
Chemical activation was performed according to the persulfate scheme [18–21]. 
The wettability of graphite by water and water-based systems was determined by the sessile drop method, the calculation 
of the coefficients was determined by the method described in [22]. 
 
RESULTS AND DISCUSSION 
The wettability of natural graphite and activated by various methods graphite by water is shown in Fig. one. 
  
55
90 95
120
0
30
60
90
120
150
G
FC
-2
G
FC
-2
A
G
FC
-2
O
G
FC
-2
O
A
Th
e 
w
et
tin
g 
an
gl
e,
 d
eg
re
es
Graphite grade
 
0,114
0,07 0,06 0,06
0
0,03
0,06
0,09
0,12
G
FC
-2
G
FC
-2
A
G
FC
-2
O
G
FC
-2
O
A
Th
e 
w
or
k 
of
 a
dh
es
io
n,
 J
 / 
m
2
Graphite grade
 
а b 
-0,0308
-0,0726 -0,079
-0,109
-0,12
-0,1
-0,08
-0,06
-0,04
-0,02
0
G
FC
-2
G
FC
-2
A
G
FC
-2
O
G
FC
-2
O
A
C
oe
ffi
ci
en
t o
f s
pr
ea
di
ng
, J
 / 
m
2
Graphite grade
 
0,79
0,5 0,455
0,25
0
0,2
0,4
0,6
0,8
1
G
FC
-2
G
FC
-2
A
G
FC
-2
O
G
FC
-2
O
A
R
el
at
iv
e 
w
or
k 
of
 a
dh
es
io
n,
 
J/
m
2
Graphite grade
 
c d 
 
Fig.1. Activated in various means graphite wettability by water 
a  - the wetting angle, b  - the work of adhesion, 
c - coefficient of spreading, d- relative work of adhesion 
 
Activated graphite is wetted by water worse than natural graphite. This is due to the fact that when using GFC-2A as a 
graphite substrate, the roughness of samples based on them is 2 μm (the roughness of a sample made from natural graphite 
is 2.6 μm) due to the prevalence in activated graphite  elongated irregular and acute-angular shapes of particles formed in 
the process of mechanical activation. When pressed, these particles are packed up in such a way that the protrusions on the 
surface are turned "peaks" to the outside. This dramatically reduces the contact area between the graphite surface of and 
water. 
On the one hand, on the surface of chemically activated graphite GFC-2O, sulfo groups and other oxygen-containing 
functional groups are present, contributing to an increase of the graphite wetting. On the other hand, the presence of 
enlarged interplanar distance creates microporosity, which reduces the water wettability of graphite GFC-2O. 
In the case of using graphite GFC-2OA, the roughness of the particles, and the presence of sulfo groups on their surface 
will influence the reducing of wettability. 
For the research, we chose the water antipenetration  wash of the composition, wt%: graphite — 58.5; bentonite — 3.5; 
lignosulfonate technical (LST) —10; water - up to 100 [23]. 
At this stage of work, the wettability of graphite-binding compositions was investigated: 10% aqueous solution of LST; 
3.5% aqueous bentonite suspension; water composition containing 10% LST and 3.5% bentonite. 
The surface tension of these compositions is shown in Fig. 2 
The surface tension of water, which has a rather large intermolecular interaction due to the presence of hydrogen bonds, is 
72.4 mJ / m2. The addition of LST (produced by Krasnoyarsk pulp and paper mill) and bentonite to water leads to a 
decrease of intermolecular interaction and, consequently, to a decrease in surface tension to 72.1 mJ / m2 (for LST 
solution) and 71.9 mJ / m2 (for bentonite suspension). 
 
 
Fig. 2. Surface tension of water-based binding composition 
 
The wettability of natural and activated graphite by water-based binding systems which are included into the 
antipenetration wash composition is shown in Fig. 3–6. 
 
  
Fig. 3. Wetting angle of graphite 
(  - GFC-2;  - GFC-2A;  - GFC-2O;  - GFC-2OA) 
 water-based binding system 
  
 
Fig. 4. Work of adhesion on the graphite border (  - GFC-2;  - GFC-2A;  - GFC-2O;  - GFC-2OA ) water-based 
binding system 
 
 
 
Fig. 5. The coefficient of included in the coating composition spreading along graphite 
(  - GFC-2;  - GFC-2A;  - GFC-2O;  - GFC-2OA )  
 
 
 
  
Fig. 6. Relative work of adhesion on the graphite border(  - GFC-2;  - GFC-2A;  - GFC-2O;  - GFC-2OA ) - 
water-based binding system  
 
When interacting, in the solution LST- graphite LST molecules are located on the surface of graphite with the formation of 
a layer in which the molecules are oriented (the polar part is directed to a polar medium, and the non-polar is non-polar), 
thereby reducing the hydrophobicity of the surface of graphite particles. The wetting graphite angle in this case decreases 
from 55 to 49°. 
The use of various methods for the activation of graphite leads to an increase in the thickness of the adsorption-solvation 
layer, as a result of which the wettability of activated graphite is much higher than of the natural one. The wetting angle is 
reduced from 49 to 43 ° for mechanically and chemically activated graphite and to 37 ° for chemically and mechanically 
activated graphite. 
The addition of bentonite to water leads to an increase of the natural graphite wetting angle from 55 to 69 °. When slurry is 
applied, the particles of bentonite are located between the particles of graphite, forming the microroughness of the sample, 
which reduces wettability. Changing the state of the surface and the size of graphite particles in the activation process 
provides a more dense packing of the particles in the process of making the sample. In this case, the particles of bentonite 
will be located on the surface of the graphite sample, thereby “leveling” it and increasing the hydrophilicity. Wetting angle 
for graphite GFC-2A and GFC-2O decreases to 64–65 and to 50 ° for GFC-2OA. 
The study of wettability by the liquid binding composition, including water, LST and bentonite, showed that the wetting 
angle for natural graphite is equal to the wetted by water graphite angle. In the case of activated graphite, it decreases (to 
40–49°) due to the fact that LST and bentonite reduce the surface tension of water, thereby playing the role of surface-
active substances. 
 
 
CONCLUSIONS 
It is shown that activated GKM is wetted by water worse (wetting angle is 90–120° depending on the method of preparing 
GKM) than natural graphite (wetting angle of water is 55°). It was revealed that activated graphite is better wetted by 
water-based binding systems: depending on the activation method (mechanical, chemical and chemical-mechanical) the 
wetting graphite angle by 10% LST solution decreases from 49 to 37°; by 3.5% water bentonite slurry - from 69 to 50°; by 
water-based binding system containing 10% LST and 3.5%  bentonite - from 54 to 40º. 
 
 
 
REFERENCES 
1. Kukuy, D.M. Theory and Technology of Foundry. Molding Materials and Mixtures / D. M. Kukui, N. V. Andriyanov. - 
Minsk: BNTU, 2005. - 390 p. 
2. Formation of  Surface Quality of the Mold and Castings / I.E. Illarionov, E.P. Shalunov, I.A. Strelnikov [and others] // 
Design and perspective technologies in mechanical engineering and metallurgy: materials of the 2nd Republican scientific-
practical conference. - Cheboksary: FGBOU VPO “Chuvash State University. I.N. Ulyanova, 2016. pp. 44–51. 
3. Berg, P. P. Molding materials / P. P. Berg. - M.: Mashgiz, 1963. - 408 p. 
4. Berg, P. P. The Quality of the Mold / P. P. Berg. - M.: Mechanical Engineering, 1971. - 291 p. 
5. Illarionov, I. Ye. Molding materials and mixtures: monograph / I. Ye. Illa-ryonov, Yu. P. Vasin. - Cheboksary: 
Publishing house Chuvash. state University, 1992. - Part 1. - 223 p. 
6. Illarionov, I. Ye. Molding materials and mixtures: monograph / I. Ye. Illaryonov, Yu. P. Vasin. - Cheboksary: 
Publishing house Chuvash. state University, 1995. - Part 2. - 288 p. 
7. Evaluation of burn value on the surface of iron castings / I.E. Illarionov, A.S. Kftannikov, F.A. Nuraliev, T.R. 
Gilmanshina // Chernye Metally. - 2018. - № 8. - рр. 23–28. 
8. Valisovsky, I.V. Prigar Notlivkah / I. V. Valisovsky. - M.: Machine Building, 1983. - 192 p. 
9. Vasiliev, V. А. Physicochemical foundations of the Foundry Industry / V. A. Va-Silev. - M.: Intermet Engineering, 
2001. - 336 p. 
10. Molding materials and mixtures: right. / S. P. Doroshenko, K. Rusin, V. P. Avdokushin, I. Matashek. - K.: Higher 
School., 1990. - 415 p. 
11. Mamina, L. I. Theoretical Foundations of Mechanical Activation of Molding Materials and the Development of 
Resource-Saving Technological Materials of Processes in the Foundry: Dis. ... Dr. Techn. Sciences / Mamina Lyudmila 
Ivanovna. - Krasnoyarsk, 1989. - 426 p. 
12. Pat. 7510774B2 US. Siliconenon-stickcoatings / JamesD. Greene, ShanLaFayneSnyder; applicant and patent holder of 
Wacker ChemCal Corr. - № 11 / 202,901; declare September 12, 2005; publ. 04/13/2006. 
13. Determination of the heat transfer coefficient and ceramic mold material parameters for alloy  IN738LC investment 
castings / C.H. Konrad, M. Brunner, K. Kyrgyzbаev, R. Völkl, U. Glätzel // Journal of the Matterial Processing 
Technology. - 2011. - 211. - pp. 181–186. 
14. Aweda, J.O. Experimental determination of heat transfer coefficients during squeeze packaging of aluminum / J. O. 
Aweda, M. B. Adeyemi // Journal of Materials Processing Technology. - 2009. - № 209. - рр. 1477-1483. 
15. Effect of carbon-alkaline reagent on the viscosity of water-clay suspensions for sandy-clay mixtures / N. A. Kidalov, 
N. A. Osipova, A. S. Knyazeva, M. P. Tokar // Foundry. - 2013. - № 9. - p. 27–29. 
16. Lytkina, S.I. Development and study of antipenetration wash for cast iron based on chemically mechanochemically 
activated graphites: dis. ... Cand. tech. Sciences / Lytkina Svetlana Igorevna. - Krasnoyarsk, 2013. - 132 p. 
17. Leushin, IO. Development of the effective antipenetration wash for casting molds based on aluminum slag fillers / IO 
Leushin, A.N. Grachev // Foundry production. - 2002. - № 4. - p. 13, 14. 
18. Cryptocrystalline graphite microbiological benefication technology development / T.R. Gilmanshina, G.A. Koroleva, 
Kovaleva, A.A., Lytkina, S.I. // Ore Dressing. - 2018. - № 1. - рр. 17–20. 
19. Develоpment of the stаte-of-the-аrt technologies for improvement of quality of cryptоcrystalline grаphite / T.R. 
Gilmanshinha, S.I. Lytkin, S.A. Khudonogov [et. аl.] // Nanosistemi, Nanomateriali, Nanotehnоlоgii. - 2018. - Vol. 16 (1). 
- pp. 83–101. 
20. Grindability research for natural cryptоcrystalline grаphites / T.R. Gilmanshinha, I.E. Illarionov, G.A. Koroleva, S.I. 
Lytkina // Opohashchenie Rud. - 2018. - № 4. - рр. 6–10. 
21. Destruction mechanism of casting graphite in mechanical activation / I.E. Illarionov, T.R. Gilmanshin, A.A. Kovaleva, 
O.N. Kovtun, N.A. Brtukhin // CIS Irone and Steel Review. - 2018. - № 15. - рр. 15-17 
22. Vtorov, B.V. Features of the physicochemical processes of formation of resorcine composites / BV Vtorov // Izv. 
universities. Building. - 2000. - № 7–8. - p. 48–51. 
23. Svarika, A. A. Coating of casting molds / A. A. Svarika. - M.: Machine Building, 1977. – 216 p. 
